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Sc)lar system objects,  Ilnlike  all otlIcr ohjccts  sccll  in tjhc nig]lt sky, are only disccrni-
l)lc b-y tl)csunligl]t  rdlectcd from tl]cirsurf’accsor  fro]n tlIe to]) o f  tllc u])pcr deck oftl)c
c]oucls  in tlIcir  atlnos])l)crcs. ‘J’llercforc, they ml)il.)it  a set of o])tica] pro])crtim  tlIat arc
dis t inc t  froln c)l)jcctjs  which have tl)eir own intcma]  cmcrgy  source such as tlIc sun and
stars.

‘J*1Ic light rcflcctcd from a solar systcm body that is illuminated by tlIc sun and c)l)-
scrvcd from tl]c cartb uIIdwgocs a, variety of geometrical a]ld pllysica]  proccsscs on its
])ath from the sun tothcobjccl,  and back totl)ccar~h.

It l)as been k n o w n  for Inorc t h a n  a  cmItury t h a t  tl)c il)tcnsity  c)f tl)is light  wl}cn
Mlcctcd  frc)m a solid surface  varies as a functiol~  of tlIc ])llasc nn.g]c,  tlIc ang]c  defined I)y
tl]c s~ll)-ol.)jcct-cal>ll~,  at the time  of obsm’aticm. one source of tll)is variatiol]  is tlIc ol.)vi-
om geomctrica]  effect caused by tlIc fact that  tl)c ol.)jcct  under  observation is llCWCIS fully
illuminated cxccpt when the phase angle is mm dcgrccs.  IIcnvcvcr CVCII  WIICII  a ccmccticm
is made  for this ‘clefcct  of illulnil)ation’, the intensity of the rcflcctcc] light is obsmwd to
illcmasc! non-linearly as tlIc ])hasc al)glc dccrmscs  toward zcwc) dc:grccs. It is this IIon -
lil)car surge in rcflcxted  light SCCII  WIICII  m ol.)jcct  is olmrvccl  at mall  phase angles tl)at
is cnllcd the opposition effect,

]tcscarch  has rcvcalcd tl)at tl)c o p p o s i t i o n cfkct  i s  duc to smrcra] illdcl)c])dmlt
gco]nctric and p])ysical  ])mccsscs  acting  in coml)i]]ation. ‘1’l)c cumula.tivc sim c)f tlte o])]) o-
sition effect fro]]] all of these proccsscs is a ful)ctio]) of tllc ])artic]c six, al bcdc), and tllc
])acking dcmity of the rcgc)lith  matmial, ‘.I’lIc ])rincipal geometric ])roccss that co]]trjl.)utm
to tjl]c o])]) c)sition cflcct is called tllc sl)adcnv l]iding hypothesis alId tl)c l)ri])ci])al  ])llysical
] )Iocess is cal lcd col~crcnt  backscattwi]l  g hypothcsiso

TIIc Shadow IIiding hypothesis

As sunlight falls on a particulate l)lallctary  surface the ])articlcs wl}icl) coln])lisc  tl)c
rcgolit]) will cast sl)adcm’s on onc anotl)cr. AII cart]) based obsmvcr  will scc a  coml)ina-
tiol] c)f, sunlight rcflcctcd from tllc pahiclcs  OII tllc surface, light reflcctcd frc)l~) a ])article
after  l)aving bcm  transmitted through onc or more grains pric)r to reflection, light
rcflc:ctcc]  fro]n a grail] after difl’ractio~l  around  tllc edge of OIIC c)r IIIC)I’C particles, and the
]wrtions  of the surface that arc lying  in shadow and arc only illumintitec]  by multi])ly
scattmxl  light.  TIIC shadow IIidillg I11OC1CI  ])c)sits tl~at  tllc size c)f tllc o])]) ositiol)  cfrect will
incrcasc as the albcdo of the particles gets slnallcr. ‘1’l)is  cfrcct c a n  bc ap])roxinlatcd  l)y
tl)c f’ollcming cxl)rcssion.
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is tl)e am])litucle  of tllc o])]) ositiol)  cfkct

h=-the width of tllc opposition dfcct

and
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g==- tlIc plIasc nng]c oftlle  obscrvntion.

‘J’l]is cx])rcssio]]  l]as bccm USC(I to modcd  tlIc o])]nsitio]l  M’cct d o w n  t o  I)lIasc angles as
SIII all as a l’cw dcgrccs, ‘J’lIc  size of tlIc oplmsitio]] drcct, 11., is a ful)ction  of tlIc single
scmttcring a] bcclo  and LIIC angular scattering functiol] of tlIc rcgolitl]  ])artic]cs.

“J’hc Coherent Ilackscattcring  Ilypot}lcsis

‘1’IIc slIaclow hiding  model of  tl)c o])]mitlion drcd d o t s  IICdJ ])rcdict a stroIIg c)p])cx3i-
tio]l surge for l]igllly rcflcctivc ]Jarticulatc  ]ndiaa  1 ]owcvcr, o])lmsition cflcctls arc observed
i]l such ]natcrids  in the laboratory and tlIcsc Cfrccts arc most I) ISOIIOUIICCd  at ])llasc  ang]cs
l)ctwccl]  o“alldl  ‘ . ‘J’hc principal cause of the op]msition  surge tltat  is sccII i]] highly
rcflcdivc  m atcria]s  is tllc ])1 Icnomc IIoII  of’ col Icrc]It co]lstlructivc  i]ltcrfcrcncc  l)ctwcxII light
rays tl]at arc multi])ly  scattcrcd  in tl]c ]Jlandary rcgolith.

‘1’llc cohcrcnt  backscattcring  hypothesis argues that any two light rays that c]]tcr a
]ncdiu]n  at diff’crc]]t  ])oi]lts and travel tl]c sa]nc path cxcc])t  in oppos i te  dircctic)m wil l
ccmstructivc]y  intcrfcm  as tllc diffcrcncc  i]) total ]mth lcmgt]) travc]cd  by the two rays ap
])roacllcs  tllc wavdcngt]l  of tlIc light.  III th is  case , tlIc rays will co]]structivc]y  interfere
and a ])roIlounccd  o])position Cfrcct will bc SCCII. ‘J’lIc angular width  of this ])cak is related
to  the  wal’clcngt]]  of the illumi]lati]lg  ligl]t,  Lhc i]ldcx of rcfractic)n  c)f tlllc  ])artic]cs, and
tl]c ])acl<i]lg density c)f the partic]cs.  ‘J’llcc)rdical ]Iloclcls estimate tllatl tll(~full  widtl~ half

]naxi]nuln  c)f the op])osition Cfrcd caused I)y COIICISCIIL hackscattcring  is -------- , wllcrc k is
27rl)

tllc ~vavclcngtll  of tlIc ligl]t im])inging on tllc surface and 1) is tl]c
i]) tjl~c mcclium,
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